This article presents the results of a research dealing with the detection of mutagenic activity of two samples used in the textile industry, Methylene Blue synthetic dye and Inotex real dye bath before, during and at the end of the biodegradation process by means of ligninolytic fungus Irpex lacteus. There is evidence that Methylene Blue synthetic dye was detected as an indirect mutagen prior to the biodegradation process. However, the biodegradation intermediate product was evaluated as a direct mutagen and the final product of biodegradation no longer induced any mutagenic activity. Inotex dye bath samples were assessed as non-mutagenic.
Introduction
The processing of textile fibres involves many dangerous processes and outputs that can have a very negative impact on the environment and human health. The textile industry produces a considerable amount of different types of synthetic dyes. Synthetic dyes are particularly dangerous due to their high molecular weight and complex structures that cause very low biodegradability efficiency. High concentrations of inorganic salts, acids and bases are also problematic, because they cause respiratory diseases and dermatological problems. Unfortunately, heavy metal content is no exception, and it often leads to carcinogenesis, fetal insult of pregnant women and severe allergic reactions. The carcinogenicity of synthetic dyes has become an issue of widespread interest over time. In the past, it was believed that the risk of carcinogenic effects of textile dyes on humans is lower than that of food dyes, for example, where certain organs are expected to be affected through the digestive tract. These views have been eliminated and nowadays, it is believed that the reduction biological processes occurring, for example, as a result of sweating in textile linen produce carcinogenic intermediate products as a result of chemical degradation [1, 2, 3, 4, 12, 13, 14] . Synthetic dyes play an important role in the textile and tanning industry, as well as in paper production, in food industry and agriculture. There are more than 100,000 commercially available dyes, with over 700,000 tonnes of waste water produced annually worldwide: Only 10-15% of the dyes are disposed of by decolourisation processes [4, 5, 12, 13, 14] . One of the oldest synthetic dyes is methylene blue, which was the subject of this research and which is classified in the group of basic thiazine dyes [6, 14] . The degradation of synthetic dyes is a very difficult process and can be carried out according to a variety of criteria. It can be divided into physical, chemical and biological processes, the first two of which are very effective but costly as well. These categories include adsorption, chemical transformation, incineration, photocatalytic and oxidation processes. Biodegradation processes was be used more frequently in the 1980s. Biodegradation can be defined as a biotechnological method using organisms of several trophic levels which are able to decompose within the process of their body metabolism or through their activities. The advantages of the bioremediation methods include lower costs and environment friendly character. Ligninolytic fungi, such as Pleurotus ostreatus, Stereum rugosum, Trametes [7] . The main aim of the work was the evaluation of mutagenic activity of Methylene Blue syntetic dye and Inotex real dye bath and the evauluation of success rate of biodegradation process.
Materials and Methods
The genotoxicity of the Methylene Blue synthetic dye and Inotex real dye bath was evaluated within the frame of this research using the Salmonella typhimurium Hisbacterial detection system. The test was performed in both variants, with and without in vitro metabolic activation using rat liver homogenate S9 and cofactor mixture. The experiments were carried out before, during and after the biodegradation process, which took place in a rotary disc bioreactor with a ligninolytic fungus Irpex lacteus. The use of a rotary bioreactor is recommended because of its stable environment for continuous degradation of organopolutants [1] . The process of fungal bioremediation is considered to be a very effective method of removing pollutants from the environment worldwide [2] . At present, the Ames test is used for the detection of genotoxic effects of chemical substances and complex mixtures. It takes advantage of defined microbial indicator strains of Salmonella typhimurium. The results indicate hazardous state, allow quantitative comparison of results and signal the possibility of population exposure to substances with genotoxic effects [8] . The test involved samples of synthetic dyes, Methylene Blue and real Inotex dye bath. Both tested samples were subjected to the process of biodegradation using ligninolytic fungi Irpex lacteus (617/93) obtained from the Academy of Sciences of the Czech Republic, Prague [9] . The biodegradation took place in a rotary disc bioreactor with 1500 ml of MEG cultivating medium [9] . The synthetic dye samples were taken gradually from the bioreactor during the biodegradation process. The genotoxicity of the synthetic dyes was monitored prior to biodegradation (initial sample), subsequently during the biodegradation process (intermediate product) and then at the end of the biodegradation process (final sample) by means of the Ames test with or without in vitro metabolic activation on Salmonella typhimurium His -TA98 strain. The methodological part of the Ames test was modified according to the Mortelmans study [10] . Statistical evaluation was used by the SALM software [11] . Methylene Blue (MB), C16H18ClN3S·3H2O, was purchased from -Sigma Aldrich, s.r.o., with CAS number 7220-79-3, real dye bath Inotex contains several components: Itosperse Yellow RAP 5, 468 g/l, Itosperse Red RAP 3, 752 g/l; Itosperse Blue RAP 2, 475 g/l; dispersant Nicca Sunvelt RF557 1g/l; Acetic acid 0,3 ml/l. Samples were cultivated with 2 ml TOP medium, 100 μl indicator strains of S. typhimurium at 37°C, for 48 hours. It was applied 75, 50, 25, 10, 5, 2.5 μl MB in the case of an input sample, 500, 333. 
Results and Discussion
The mutagenic activity was evaluated in the experimental part of the research by means of the Ames test in two variants (-S9, + S9) on Salmonella typhimurium His -TA98 and TA100 strains. To perform the evaluation, it was necessary to assess the increase of spontaneously forming revertants (negative control) with the increase of revertants on plates with the applied sample with the appropriate concentration. A significant increase in the number of reverting colonies (i.e. at least double) on plates with the applied sample can be considered as a positive result when compared to the plates where the sample was not applied [10, 11] . SALM software from the authors K. J. Riska and B. H. Margolin was used for the statistical evaluation of the results. The validation of the resulting model took advantage of Pearson's chi-squared test which allows us to verify the null hypothesis H0: The number of reverting colonies is not dependent on the concentration of the test substance. The result is a limit value of probability determining the significance level α from which we already reject H0: The mutation potential of the tested substance does not cause random effects. Here, a limit value of 0.025 was used, and it corresponds to a significance level of α = 0.05. If the calculated value of p <0.025, the null hypothesis is rejected and the tested substance is considered mutagenic. The closer the p = MUT value is to zero, the more accurate the estimate of mutagenic potential is [11] .
Figure 1. Comparison of mutagenicity detection of Methylene Blue input sample using the Ames test
without metabolic activation in vitro (-S9), with metabolic activation in vitro (+ S9) on Salmonella typhimurium His -TA 98 strain.
The Figure 1 presented above clearly shows that in the input sample of Methylene Blue, tested prior to biodegradation in the variant without metabolic activation (-S9) in vitro, the SALM statistical program evaluated the sample as non-mutagenic, and MUT = 0.434 (p = 0.434> 0.025) value is a proof of that.
The FIT value of 0.014 (p = 0.014> 0.05) demonstrates that the number of revertants is dependent on the concentration of the tested substance. However, in the variant with metabolic activation (+ S9) in vitro, the sample was assessed as mutagenic with respect to the parameter of MUT = 0.000 (p = 0 <0.025). Methylene Blue intermediate product taken during the biodegradation process testing with or without in vitro metabolic activation can be denoted as mutagenic on both strains used, as shown in Figure 2 . The mutagenic activity was confirmed by an increased number of reverting colonies compared to negative control. The sample taken from the reactor at the end of the biodegradation process is labelled as the final one. The parameter of MUT = 0.500 (p = 0 <0.025) on S. typhimurium His -TA 98 strain with in vitro metabolic activation (+ S9) indicates that the sample is non-mutagenic, as well as the variant without in vitro metabolic activation (-S9) see Figure 3 . The sample of Inotex real dye bath taken from the textile dyeing plant was also biodegraded in a rotary disc bioreactor using the Irpex lacteus fungus culture. Due to the presence of multiple disperse dyes, the initial sample concentrations could not be determined. That is why the value of the so-called percentage concentration (i.e. from sample dilution and the total volume in the rotary disc bioreactor) was determined. The mutagenic activity of the sample was tested again in three stages of the biodegradation process by means of the Ames test with and without in vitro metabolic activation. This was followed by a statistical evaluation using the SALM software. All Inotex real dye bath samples were defined as non-mutagenic.
Conclusion
The research evaluated the mutagenic activity of two samples used in the textile industry, the synthetic dye Methylene Blue and the real dye bath Inotex. The samples were subjected to the Ames test on the bacterial strain of Salmonella typhimurium His -TA98, which uses reverse mutation in the histidine operon to detect the mutagenic activity. Methylene Blue induced mutagenic activity on S. typhimurium His -TA 98 strain only after the addition of microsomal S9 fraction, which is why it is designated as an indirect mutagen. The intermediate product was already detected as a direct mutagen in all variants of the Ames test. The final biodegradation product of this sample no longer induced mutagenic activity. Both variants of the Ames test of the Inotex dye bath sample showed no mutagenic activity in either phase of the biodegradation process.
